The aim of this study was to evaluate the prevalence and seasonal distribution of the main parasite species in Amazonian ornamental cichlids that affect their trade. The study was conducted from August 2007 to September 2009. We sampled 3042 specimens from 9 different species, of which 9.47% had at least one type of external parasite. 81.25% of the cases occurred in the dry season. Crenicichla anthurus (28.57%) was the most parasitized, followed by 
Introduction
The ornamental fish trade is one of the most important economic activities for thousands of poor people in the Amazon region. In Peru, this activity generates around US$ 3.5 million/year, exporting about 6.7 million fish (MOREAU & COOMES, 2007) . Nearly all Amazon fish exported from the natural environment are obtained by local fishermen, who transfer the fish to agents who, later on, transfer them to exporters so as to reach aquarium stores worldwide. It has been estimated that in this transport chain, 73% of the fish die, due to several causes (OLIVIER, 2001) .
Parasites are abundant in tropical climates, and are one of the major causes of death and disposal of ornamental fish, thus representing large economic losses. Because of the small size of these fish, they are easily affected by small numbers of parasites. These infestations are favored by the ease of access and penetration that are provided by aquatic environments, transport stress and improper handling, and are related to the wide variety of species involved and the few studies that have been conducted on them (TAKEMOTO et al., 2004) .
The host-parasite relationship is strongly influenced by the environment. The Amazon region possesses marked seasonality: a rainy season between November and April and a dry season from May to October (FIGUEROA & NOBRE, 1989) . At this latitude, there is little variation in temperature and light intensity. On the other hand, there is a negative relationship between precipitation and turbidity (SILVA et al., 2008) , which may influence the infestation by parasites.
The most common ornamental fish parasites are Monogenea (platyhelminths), as reported by Fujimoto et al. (2013) in Moenkhausia sanctaefilomenae and Astyanax bimaculatus. Other important parasites are protozoa of the phylum Ciliophora, for example Ichthyophthirius multifiliis and Trichodina sp, previously reported by Thilakaratne et al. (2003) in Pterophyllum scalare and Kim et al. (2002) in Puntius tetrazona. Schalch and Moraes (2005) reported myxosporidian parasites in Leporinus macrocephalus.
Cichlids are one of the major ornamental fish families, due to the large number of species and the demand for these fish for ornamental purposes. This demand is explained by the variety of shapes, extravagant colors and special behavior of the different species that are included in this family (KULLANDER & SILFVERGRIP, 1991) .
The aim of this study was to identify external parasites of economic importance in ornamental cichlids, as well as the seasonal behavior of these parasites in the Peruvian Amazon.
Materials and methods
From August 2007 to September 2009, we collected fish weekly from the rivers Huallaga, Napo, Tigre, Amazonas, Corrientes, Pastaza, Nanay and Ucayali, which are located in the Peruvian Amazon region. These fish were obtained from artisanal fishermen before being sold to exporters. The fish were sampled randomly and sacrificed with benzocaine solution (1:10000) diluted in ethanol 98° (0.1 g/mL) (WEDEMEYER, 1970) for parasitological examination of skin smears. The mucus obtained was placed on a slide with a drop of 0.85% saline solution, and then compressed with a cover slip for microscopic examination. Gill arches were removed and placed in a Petri dish with 0.85% saline solution for stereoscope visualization. Parasite identification followed the recommendations of Travassos et al. (1928) and Thatcher (1991) .
Prevalence rates were calculated for each genus recovered, by means of the equation P = number of infected fish / total number of fish examined x 100. We used the chi-square test to compare prevalences using the SAS 9.1 computer software.
Results and Discussion
Among the 3042 ornamental cichlid specimens, 9.47% were parasitized (Table 1) : two species of ciliates (Ichthyophthirius multifiliis, Trichodina sp.), one of Monogenea (Dactylogyrus sp.), and one of Myxosporea (Table 2) . Three fish species were infected by two species of parasites (Table 2) . Table 3 specifies the places from which the parasites was identified. Other authors have reported higher prevalence of parasites, such as Thilakaratne et al. (2003) who reported 45.3% and Piazza et al. (2006) who observed 34%. However, these authors worked with other fish species and in different regions. Another fact which should be noted is that in the present study, the assessments were performed at the beginning of the commercial chain, shortly after capture, while the above authors made their observations at the end of the process, at a time when, according to Olivier (2001) , the cumulative mortality reaches 73%.
Monogenea presented the highest prevalence in most of the fish species followed by the protozoon I. multifiliis. Similarly, Tavares-Dias et al. (2010) (Table 2) . These findings may be related to the preferred habitat of this fish, mainly in the deepest part of the river, which is a place with stagnant water, low oxygen levels and large amounts of decomposing organic material, thus facilitating the parasite cycle (MACMILLAN, 1991) . It is likely that the reproductive period can influence the proliferation of Myxosporidia in the rainy season, due to the stress caused by this activity and the aggressive behavior of this species during that particular period. This was the first study concerning parasites in this fish and the first report of myxosporidian parasites in freshwater fish in Peru. However, there have been reports of this parasite in phylogenetically distant fish in the Amazon basin (FERRAZ, 1999) .
Ichthyophthirius multifiliis is a cosmopolitan and nonspecific freshwater parasite of fish relating to low temperature and poor water quality (LOM & DYKOVA, 1992) . Aequidens diadema was the fish that was most parasitized by this protozoan in both seasons (Table 2 ). In the same way as for C. anthurus, it is likely that the preferred habitat is related to higher prevalence (KULLANDER, 1986) (Table 4 ). Higher prevalence occurred in the rainy season (p < 0.01), probably due to stress caused by displacement of these fish to flooded areas, where the oxygen levels and pH are lower.
Angelfish were parasitized by Monogenea during both seasons, with higher prevalence in the dry season (p < 0.01) ( Table 2 ). This seasonality may be related to water turbidity, which is more manifest in the dry season in the Amazon region (SILVA et al., 2008) . The increased amounts of suspended material in the water promotes irritation of gill filaments, thereby increasing the susceptibility to Monogenea (SKINNER, 1982) . We also found Trichodina infection in this season, and this reinforces the hypothesis that poor water quality is associated with high turbidity.
We also observed that the high parasite prevalence in this species could be associated with the manner of fish transportation. Fishermen stockpile large quantities of this fish in small spaces, because of the low sale value and abundance of this fish. Another fact that must be considered is their susceptibility to stress, which relates to the social hierarchy of this species and inadequate handling (GÓMEZ-LAPLAZA & MORGAN, 2003) . This situation is accompanied by increased cortisol levels, which have immunosuppressive action. High levels of glucocorticoids for extended times affect the inflammatory response by inhibiting the production of nitric oxide and circulating leukocytes, thus making fish more susceptible to diseases (FAST et al., 2008) .
Cichlasoma sp. showed greater prevalence of I. multifiliis in the rainy season and Monogenea in the dry season. The lower prevalence (9.52%), in comparison with previous cases (p < 0.01) was probably influenced by the preferred habitat of this species (KULLANDER, 1986) (Table 4 ). This fish searches for food throughout the water column and has less contact with poor quality water than the other species. Another factor to consider is the large size of this fish, reaching 30 cm (KULLANDER, 1986) : for this reason, fishermen cannot store large quantities of this fish during transportation and therefore the water quality is not drastically compromised. It is noteworthy that this species is usually traded as adults, at an age when they are less susceptible to external parasites (SASAL, 2003) .
Dwarf cichlids had low infestation with I. multifiliis and Monogenea only in the dry season. Although these fish usually live in tree trunks and branches in stagnant water, they showed low prevalence of parasites (3.88%). Unlike other members of the Cichlidae family, these fish are quite peaceful (KULLANDER, 1986; GOLDSTEIN, 1973) , and fights between them are unusual. Therefore, there is less risk of compromising the integrity of the skin and causing subsequent entry of pathogens. The discus fish is a special case in this group, given that it has a high market value. Fishermen are generally accustomed to practicing more cautious management for this species, such as maintaining low density of fish, changing the water frequently and even providing artificial oxygenation. With all this care, it is not surprising that the prevalence of parasites is low (3.66%) (Table 1) . However, Chippari-Gomes et al. (2005) reported that this fish is less resistant to stressful conditions and pathogens than other members of the family.
The species Acarichthys heckelli, Heros efasciatus and Laetacara thayeri are larger than the fish described above and are usually aggressive towards other fish of the same species (KULLANDER, 1986; GOLDSTEIN, 1973) . For these reasons, these fish are often transported individually, which reduces stress and maintains the water quality for longer. This handling seems to have influenced the non-occurrence of external parasites in these species. Furthermore, fish age may influence the presence of external parasites. In most cases, young fish have more parasites than adults (GRUTTER et al., 2002; SASAL, 2003) . Another fact to consider is the preferred habitat; these fish tend to live in the water column where they find their food (KULLANDER, 1986) .
The lack of biological and immunological studies on the species discussed here makes it impossible to conclude that some of these fish present natural resistance to external parasites (TAVARES-DIAS et al., 2010) . In all cases, the fish presented low parasite loads, probably due to the short time between being caught and sold at the port (maximum of three days).
The absence of other external parasites commonly found in tropical fish, such as Dolops, Argulus and Lernaea (SCHALCH & MORAES, 2005) , may be related to the small size of these fish, which are greatly affected by these macroscopic parasites (THILAKARATNE et al., 2003) and become easy prey for predators, or are discarded by fishermen during transportation.
There are deep interactions between parasites, hosts and environments. However, there is lack of information about these interactions in Neotropical ornamental cichlids. In the present study, we observed a relationship between prevalence and preferred habitat. Fish that spend most of their time at the bottom of the water or in standing water showed higher parasite rates than did fish that live in the water column. We also observed a relationship between water turbidity and increased quantities of monogenean parasites, probably due to irritation of the lamellae caused by the suspended matter in the water. Likewise, aggressive fish presented higher rates of parasitism than did non-aggressive fish, possibly due to the injuries from fights and the stress produced by this behavior, which is mainly reported during the reproductive period. It is also noteworthy that there is no information concerning the specific resistance of some of these species, due to the lack of studies on these fish. Finally, there is a factor that is rarely discussed in this type of work but appears to be of great importance: the different handling of each species of fish by fishermen, which is related to the aggressiveness of each species and fish value. The way in which fish are handled certainly influences the prevalence of external parasites in them. 
